Background: Ischemic optic neuropathy is the most common cause of perioperative vision loss. The authors sought to determine its incidence and identify risk factors that may contribute to perioperative ischemic optic neuropathy associated with nonophthalmologic surgical procedures at their institution.
LOSS of vision can be a devastating complication of an otherwise successful nonocular surgical procedure. Perioperative vision loss may be a manifestation of retinal ischemia, cortical infarction, or ischemic optic neuropathy (ION). The most common causes of perioperative vision loss are the two different forms of ION: Anterior ischemic optic neuropathy (AION) and posterior ischemic optic neuropathy (PION). 1, 2 The incidence of perioperative ION reported in the literature varies between 0.028 and 1.3%. 3, 4 Several published case series in recent years have heightened the awareness of this potential complication among anesthesiologists, surgeons, and ophthalmologists. 1, [3] [4] [5] [6] The operations most commonly associated with perioperative ION are coronary artery bypass grafting (CABG) and back or spinal surgery. 7 The cause of the ischemic damage to the optic nerve in this setting is not completely understood, but perioperative anemia, hypotension, facial or orbital edema, and direct pressure on the globe are reported as potential etiologic factors. 8 -10 The use of intraoperative vasopressors has also been implicated as a possible contributing factor in the development of ION. 4 Preexisting comorbidities, such as diabetes mellitus, hypertension, hypercholesterolemia, smoking, and heart disease are associated with spontaneous AION, and may also be important variables in the etiology of perioperative ION. 11, 12 We initiated this retrospective chart review case-control study to determine the incidence of perioperative ION at our institution, and to evaluate the preoperative, intraoperative, and postoperative risk factors that may contribute to perioperative ION after nonophthalmologic surgical procedures.
Materials and Methods
After obtaining Institutional Review Board approval (Institutional Review Board, Scott and White Memorial Hospital, Temple, Texas), we initiated this retrospective chart review case-control study by reviewing the documented cases of perioperative ION after nonocular surgical procedures at our institution between January 1998 and December 2004. All patients who report visual loss after surgery in our hospital are examined by one of our faculty ophthalmologists, and any who are suspected of having an optic neuropathy are referred to one neuroophthalmologist. This physician examined and confirmed the diagnosis of each patient in this series. We performed a text query of the medical records associated with this physician during the specified time period of the study, identified every inpatient and outpatient record that included "ischemic optic neuropathy" in the diagnosis, and then reviewed each record to identify those instances of ION that occurred in a perioperative setting. This search yielded the 17 cases that are included in this study.
We included in our study all patients who noted visual loss within 1 week of the procedure, and who had documented evidence of acute AION or PION when examined by the neuro-ophthalmologist (table 1) . The diagnostic criteria for AION included the presence of optic disc swelling when first examined, a relative afferent pupillary defect, and demonstrable visual acuity or Optic discs with smaller cup-to-disc ratios are said to be "crowded," because the axons exit the eye through a smaller scleral opening. This type of crowded optic disc is frequently called a "disc-at-risk," because of the wellestablished association between this condition and spontaneous AION. 13 We defined the "disc-at-risk" configuration as a cup-to-disc ratio of 0.2 or less. As it is difficult to accurately determine the cup-to-disc ratio in the presence of disc swelling, the cup-to-disc ratio of the fellow (unaffected) eye was used for statistical analysis in patients with acute disc swelling from AION. In two patients both optic discs were swollen with acute AION. For these patients we recorded the cup-to-disc ratio as unknown.
With the assistance of the Data Architecture and Decision Support Department, we matched each of the 17 patients with 2 control patients who did not report vision loss after surgery. These 34 control patients were identified using a program called Clinical Practice Analysis that uses the extensible markup language platform. This program allows a systems analyst to define a set of parameters and then formulate those into a language called text query language. This language searches all of the dictated documents within our electronic medical record with the stated parameters defined in the text query language. For each of the 17 patients we identified a potential pool of control patients by identifying every other patient of the same sex who had the same type of surgical procedure at our institution during the study period. Each patient was then matched to the two control patients in that pool who were most similar regarding age and date of surgical procedure (table 2) .
We reviewed the electronic and written medical records of each patient and control patient, including primary care physician exams before surgery, anesthesia records, postoperative nursing records, operative reports and notes, postoperative physician records, and ophthalmology notes. We collected data for multiple preoperative, intraoperative, and postoperative vari- Two of our ION patients and one control patient had CABG surgery and then required a second emergency procedure the same day. For statistical analysis we chose one procedure and its postoperative data for analysis. Patient 14 had a CABG and then returned to the operating room several hours later to declot a saphenous vein graft. We used intraoperative and postoperative data from the CABG surgery. Patient 2 and a control patient for patient 4 returned to the operating room, 1 h and 5 h, respectively, after their initial CABGs for a repeat CABG. (Patient 2 had hypotension and electrocardiogram changes consistent with myocardial infarction; the control patient had an acute myocardial infarction after his initial surgery.) We used intraoperative and postoperative data from the second procedure.
Patients who have sustained ischemic damage to the optic nerve typically have reduced vision, a relative afferent pupillary defect (if the optic nerve damage is asymmetric), diminished color vision, and visual field defects. To ensure that our control patients had not sustained unrecognized optic nerve damage during their surgery, we attempted to contact each control patient to request that he or she be examined in our ophthalmology outpatient clinic. Twenty-six of the 34 control patients responded to a phone call or letter, four were deceased, and four did not respond for unknown reasons. Sixteen of the control patients agreed to have a complete eye exam by one of the authors in our outpatient clinic. After obtaining informed consent, we performed the following examinations on each of these control patients: Snellen visual acuity test, color vision test with Hardy-Rand-Rittler pseudoisochromatic color plates, pupillary exam, dilated funduscopic exam, and a Humphrey 24 -2 SITA-FAST visual field test. These testing procedures are a reliable means of detecting optic nerve damage, even if subtle and asymptomatic.
We had medical record documentation of a postsurgical ophthalmologic exam for 4 of the 18 control patients who were not able or willing to be examined for various reasons (illness, distance needed to travel, or death). These exams included visual acuity, pupillary function, and a dilated fundus exam with documentation of cupto-disc ratio. We had no postoperative ophthalmologic records for the 14 remaining control patients, but none of these individuals reported visual loss to their physicians after their surgical procedure.
Statistical Analysis
All demographic variables and possible risk factors were summarized by group (patient vs. control) using descriptive statistics: mean and SD for continuous variables and the frequency (percentage) for categorical variables. We used the conditional logistic regression procedure to compare the patient and control groups in each variable to take into account matching in comparison. P value, odds ratio, and 95% confidence interval were presented for each comparison. A P value of less than Bonferroni adjusted ␣ (0.0025 ϭ 0.05/number of possible risk factors) indicated a statistical significance. We used SAS 9.1.3 software (SAS Institute, Inc., Cary, NC) for statistical analysis.
Results
There were 126,666 surgical procedures performed at our institution between January 1998 and December 2004. During this time period, there were 17 documented cases of perioperative ION, an overall incidence of 0.013% (table 3). The incidence of perioperative ION after CABG surgery at our institution during this period was 0.33% (9 patients with ION from a total of 2,749 CABG surgeries). The incidence after spine surgery was 0.36% (4 patients with ION from a total of 1,110 spine surgeries). The incidence of perioperative ION for all procedures other than CABG and spine surgery was 0.003%. Of the 9 patients with ION after CABG, 7 patients (78%) were diagnosed with AION. Three of the 4 patients (75%) with ION after spine surgery had PION. In our series of 17 patients with perioperative ION, 16 were men (94%).
We analyzed all ION cases together ( 
Discussion
Ischemic optic neuropathy is the most commonly reported cause of perioperative vision loss.
1,2 Our study is the first large series specifically designed to calculate the incidence of symptomatic perioperative ION after nonocular surgery at a single institution over an extended period of time. Perioperative ION is a rare event, as evidenced by the incidence of 0.013% in our series of 126,666 surgical procedures over a 7-yr period. Our study design allowed us to identify ION in patients who reported visual complaints in the perioperative period.
We did not have a complete neuro-ophthalmologic examination of all 126,666 patients who had surgery during this period. Therefore, our calculated incidence of 0.013% is actually the incidence of patients with perioperative ION who reported visual loss in the perioperative period. There may have been patients with less significant visual loss who simply failed to notice the change in their vision, or patients who failed to notify their doctor of their visual symptoms. Similarly, patients who were critically ill after surgery may have had vision loss that was overshadowed by more life-threatening issues and thus went unrecognized. For these reasons, the true incidence of perioperative ION may actually be greater than 0.013%.
Our 0.33% incidence of ION after CABG surgery is higher than the 0.06% incidence reported by Nuttall et al., 5 but lower than the 1.3% incidence of AION after CABG reported by Shapiraet al. 4 The 0.36% incidence after spine surgery is also higher than the 0.028% and 0.12% incidences previously reported. 3, 14 We believe our incidence is higher than has been reported in most other studies because our system of consults and referrals that funnels all patients with perioperative ION to one faculty neuro-ophthalmologist produces a very high capture rate for these events. This would conceivably enhance our ability to collect and analyze data related to perioperative ION.
Our series documented a higher incidence of perioperative ION after spinal surgery (0.36%) and CABG (0.33%) than any other type of surgical procedure (table  3) . The risk of perioperative ION appears to be about 100 times greater for CABG or spinal surgery than for all other major surgical procedures combined. Patients in our study who experienced ION after CABG were more likely to have AION (7 of 9 patients, 78%). All of our AION patients, except one, were associated with CABG surgery. This preponderance of AION cases after CABG is consistent with other reports. 4, 5 Patients with ION associated with other surgical procedures were more likely to have PION (7 of 9 patients, 78%). Three of the 4 patients (75%) with ION after spine surgery had PION. This tendency for PION, rather than AION, to occur more commonly after spine surgery is consistent with the results of other series. 6, 14 AION results from ischemia to the anterior portion of the optic nerve that receives its vascular supply from the short posterior ciliary arteries and peripupillary choroid. Affected patients present with a wide range of visual acuities and visual field defects. The optic disc is initially swollen, but the swelling gradually evolves into visible optic atrophy over the ensuing month. Spontaneous AION in the nonsurgical setting is classified as either arteritic or nonarteritic. The arteritic form generally occurs in patients over 55 yr of age and is caused by a systemic vasculitis, most commonly giant cell arteritis. In contrast, nonarteritic AION is a multifactorial disease that affects middle-aged patients who have a morphologically small or crowded optic nerve head, the so-called "disc-at-risk" configuration. 13 It is thought that other risk factors, in addition to an underlying "disc-at-risk," create an environment for ischemic damage to the optic nerve. Diabetes, high cholesterol, smoking, 11,12,15 physiologic nocturnal arterial hypotension, 16 an inability to properly autoregulate optic nerve head blood flow, 17 and interindividual variations in the vascular supply of the optic nerve head all may play a role in the ultimate occurrence of spontaneous nonarteritic AION. 18 We were unable to identify any preoperative, intraoperative, or postoperative variables that increase the risk of perioperative AION. However, all six of the AION patients for whom we could assess the cup-to-disc ratio in the fellow eye had a "disc-at-risk" configuration. We suspect that the other two patients with bilateral AION also had a preexisting "disc-at-risk" configuration, but the presence of this configuration cannot be determined in an acutely swollen optic disc. We know the cup-todisc ratio for 10 of the AION control subjects, and only 4 of these had a "disc-at-risk" configuration. This is consistent with the reported incidence of "disc-at-risk" in the general population of 15 to 65%. 13 The presence of "disc-at-risk" did not attain statistical significance in our study. In light of the well-documented association between the "disc-at-risk" configuration and spontaneous AION, we believe that this association in perioperative AION would be statistically significant in a larger, more powerful study.
PION is the result of ischemia to the posterior portion of the optic nerve that receives its blood supply from the pial capillary plexus. Patients experience sudden painless vision loss or visual field defects. The optic disc initially appears normal, but optic atrophy invariably ensues. PION is not associated with a "disc-at-risk" configuration. Spontaneous PION is distinctly less common than spontaneous AION. Like AION, there is an arteritic form of PION secondary to systemic vasculitic disease, most commonly giant cell arteritis. 19 Rarely reported nonarteritic causes of spontaneous PION include migraine, 20 hemodialysis, 21 spontaneous carotid artery dissection, 22 and Aspergillus infection. 23 However, PION from any cause other than giant cell arteritis or trauma with sustained hypotension is exceedingly rare, except in the perioperative setting.
Perioperative PION is reported after spine surgery, 24 -27 orthopedic surgery, 28 neck surgery, 29 -33 heart surgery, 5 and abdominal surgery. 34, 35 Intraoperative variables that are reported to play a role in the pathogenesis of PION include hypotension, anemia, and elevated intraocular pressure with prone positioning during spinal surgery. 26, 36 Many patients also have coexistent vascular risk factors such as diabetes, coronary artery disease, and hypertension. 24 Vision loss has also been reported in children and healthy adults who had none of these risk factors. 26, 37 In our analysis of perioperative PION, we found no significant difference in any of the preoperative, intraoperative, or postoperative variables we evaluated when the PION patients were compared with their matched control patients. Based on other case reports in the literature, we expected to find that patients who lost vision from perioperative PION would have more intraoperative or postoperative hemodynamic problems than the control patients, who had the same operations but did not lose vision. Interestingly, we found no significant difference in blood pressure values or hematocrit levels in the two groups. In addition, intraoperative vasopressor use was similar between the patients and control groups.
One significant strength of our study that differentiates it from most other reported studies of perioperative ION is that each of our patients was matched with two control patients of similar age who had the same operation at about the same time in the same institution. With this matching process we attempted to eliminate the confounding effect of these factors and more accurately assess the effects of the studied hemodynamic variables. Our results should be interpreted with the understanding that a study with only 17 patients and 34 control patients is significantly underpowered to detect a small difference between patients and controls. Because perioperative ION is so uncommon, finding large numbers of patients for evaluation would require a much longer period of time or a multicenter study. The fact that ours is not a multicenter study, however, is one of the strengths of this study. We are more confident in the validity of our reported incidence of this complication because all data were collected from a single institution, and all of the patients were examined by a single neuro-ophthalmologist.
It is interesting to note that 16 of the 17 patients (94%) with perioperative ION in our series were men. A higher incidence of perioperative ION among men is reported in some patient series, but the marked preponderance of men in our series is greater than in any previous reports. 1, 4, 5 The reason for this sex-related disparity is unknown and may simply be a statistical anomaly, but the disparity may be a function of differences in anatomy, preexisting comorbidities, or vascular physiology.
In conclusion, our study demonstrates that perioperative ION is an uncommon complication of nonocular surgical procedures, with an overall incidence of 0.013%. Given that the mechanisms and risk factors for ION are poorly understood, the risks of vision loss should be considered in the preoperative discussion with a patient who is anticipating a surgical procedure where this rare complication seems to have the highest frequency: Spine surgery and surgery requiring cardiopulmonary bypass. We found no evidence that the management of our patients who had perioperative ION, at least regarding the hemodynamic variables we evaluated, deviated from the perioperative course of similar patients undergoing similar procedures at our institution who did not lose vision. We conclude that perioperative ION can occur in the absence of any unusual or atypical fluctuations in these hemodynamic variables during the perioperative period. We recognize the limited power of this study and that larger, more powerful studies are required to better understand the pathogenesis of this condition.
